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Abstract: Alpha-chloralose (AC) has been used as an anesthetic since 1897 to capture or sedate wildlife, including
waterfowl, wood-pigeon (Columba palumbus), and black bear (Ursus americana). The first use of AC in the
United States was for the capture of house sparrows (Passer domesticus), red-winged blackbirds (Agelaius phoen-
iceus), and wild turkeys (Meleagris gallopavo) in 1964. Prior to the 1990s, AC was not registered by the Food
and Drug Administration (FDA) for use as an immobilizing agent in the United States for wild animals that might
be used for human consumption. In 1992, the FDA granted the US Department of Agriculture (USDA), Animal
and Plant Health Inspection Service (APHIS), Wildlife Services (WS) an Investigative New Animal Drug for AC
to capture waterfowl, American coots (Fulica americana), and pigeons (rock doves, Columba livia). During the
late 1990s, ravens (Corvus corax) were added the species list on which AC could be used. In 2004, the FDA
authorized the addition of sandhill cranes (Grus canadensis) to the list. Knowing that AC had been used on
turkeys, the Arizona Game and Fish Department requested WS assistance in reintroducing Gould’s turkeys (Me-
leagris gallopavo mexicana) to southeastern Arizona. To reduce stress on the birds during handling and testing,
we sedated turkeys at the rate of 2.04 g of AC per 1 cup of cracked corn for up to 3 turkeys. In 2003 and 2004,
wild turkeys were sedated during quarantine trials, fully recovered from the sedation and were available for
relocation. Based on these data and a review of the published literature, we recommend that AC should be
considered for future sedations of wild turkeys and that wild turkeys be considered for inclusion on the current
Investigative New Animal Drug (INAD) label for AC.
Proceedings of the National Wild Turkey Symposium 9:51–57
Key words: alpha-chloralose, anesthesia, Arizona, chloralose, drug, Gould’s wild turkey, Meleagris gallopavo
mexicana, narcosis, reintroduction, sedation.
Many techniques have been used to capture wild
turkeys for management purposes during all stages of
the life cycle. Oral drugs have been used successfully,
yet clinical trials and FDA approval is lacking for
some types. Alpha-chloralose (C8H11Cl3O6 is a chloral
derivative of glucose, which depresses the cortical cen-
ters of the brain but does not affect the medulla (Borg
1955). Alpha-chloralose has been used in laboratory
1 E-mail: David.L.Bergman@aphis.usda.gov
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animals since 1897 (Balis and Monroe 1964), and has
been used to capture free-ranging wildlife species
since 1966 (Williams 1966).
From the 1960s through the mid-1990s, AC was
used as a capture technique, but had not been approved
for use as a capture agent in the United States by the
FDA (Belant et al. 1999). The FDA, Center for Vet-
erinary Medicine, Office of New Animal Drug Eval-
uation’s website (http://www.fda.gov/cvm/aboutona.
htm) states the following: ‘‘major responsibility is to
review information submitted by drug sponsors who
desire to obtain approval to manufacture and market
animal drugs. A new animal drug is deemed unsafe
unless there is an approved new animal drug applica-
tion. Virtually all animal drugs are ‘‘new animal
drugs’’ within the meaning of the term in the Federal
Food, Drug, and Cosmetic Act’’ (21 U.S.C. 301).
There are 2 main processes involved in regulating the
interstate shipment of animal drug products. The first
process, the INAD exemption, involves the interstate
shipment of experimental drugs used for testing in an-
imals. This testing may require drugs be given to an-
imals that will later be used to produce human food
products. The FDA must ensure that food products de-
rived from these experimental animals will be safe for
human consumption. The second process is the New
Animal Drug Application (NADA) review. It includes
the evaluation of data regarding an animal drug’s safe-
ty to the target animal and to humans who might con-
sume products from the treated animal; the review also
evaluates effectiveness for the purposes claimed. To
be legally marketed, a new animal drug product must
be approved under a NADA.
In 1992, WS received approval from the FDA to
use AC under an INAD (Woronecki et al. 1990, Wo-
ronecki et al. 1992). Currently, AC is approved for use
on waterfowl, coots, pigeons, ravens, and sandhill
cranes.
The stated objective of Arizona Game and Fish
Department’s (AGFD) Wildlife Management Strategic
Plan was to maintain the range of all subspecies of
turkey in Arizona by repopulating historical range
through transplants, with emphasis on the reintroduc-
tion of Gould’s turkey (Arizona Game and Fish De-
partment 2001). Arizona Game and Fish Department
and the National Wild Turkey Federation (NWTF) ap-
proached WS for assistance in the reestablishment of
the Gould’s turkey, because WS held the only INAD
for AC in the United States, AC had been used suc-
cessfully on wild turkeys in the past, and there was a
critical need to minimize handling stress on the newly
acquired birds.
Initial efforts to reestablish Gould’s turkey oc-
curred during 1983 and 1987 (Breland 1988). In 1983
and 1987, Gould’s turkey were captured near Nuevas
Casas Grandes, Chihuahua, Mexico, transported to the
United States, and held in mandatory quarantine as
stipulated by the USDA APHIS Veterinary Services
(VS). Approximately 60% of both groups died while
in the 30-day quarantine prior to the release in the
Huachuca Mountains of Arizona (Breland 1988). Dur-
ing the winter of 1994 and 1997, Gould’s turkeys were
captured near Yecora, Sonora, Mexico, and free re-
leased (non quarantine) into the Galiuro Mountains of
Arizona (Wakeling 1998). This effort failed due to
poor habitat suitability, as well as poor reproductive
performance, high predator density, poor climatic con-
ditions, high initial mortality due to handling related
stress (Wakeling et al. 2001), and possibly, capture
myopathy. Capture myopathy, also known as exertion-
al myopathy, is a non-infectious disease characterized
by skeletal and cardiac muscle necrosis and severe
metabolic disturbance following extreme exertion,
struggle, or stress (Williams and Thorne 1996). Cap-
ture myopathy has not been extensively diagnosed in
avian species, but it has been diagnosed previously in
wild turkeys (Spraker et al. 1987).
Arizona Game and Fish Department, in coopera-
tion with NWTF and the Republic of Mexico, im-
ported Gould’s turkeys from Mexico to be held in a
quarantine facility prior to release during 2003 and
2004. Our objective was to use AC to reduce stress
and minimize or eliminate losses of Gould’s turkeys
due to handling. Ultimately, the goal was to obtain
adequate data, including a literature review, unpub-
lished studies, and research data collected under an
amendment to the INAD to petition FDA to add tur-
keys to the list of approved species specified under the
INAD.
STUDY AREA
We studied the effects of AC on Gould’s turkeys
in a VS approved quarantine facility (Maddrey and
Wakeling this volume) in the Chiricahua Mountains
located in Cochise County, Arizona, USA. The USDA
requires that all poultry entering the United States
from a foreign country be shipped under a USDA im-
port permit and be quarantined for a minimum of 30
days at a USDA Animal Import Center. The USDA
defines wild turkeys as poultry; wild turkeys are con-
sequently subject to the import requirements for poul-
try. Due to the quality of the new facility, Arizona was
granted permission to transport the turkeys directly to
the new facility instead of one of the import facilities
in New York, Florida, or California.
METHODS
AC Use
A formal request had to be made to the FDA to
use AC on Gould’s turkeys because they were a spe-
cies of wildlife that was not covered by the INAD. All
use of AC occurred within the AGFD facility. Prior to
anesthetizing Gould’s turkeys, food and water were re-
moved to ensure the birds would readily feed on the
treated cracked corn, and to remove potential drown-
ing sources while the turkeys were narcotized. Turkeys
were anesthetized with either 2.04 g of AC per cup of
cracked corn and 10 ml of corn oil or 2.04 g of AC
per 648 g of cracked corn and 20 ml of corn oil, not
to exceed 180-mg/kg body weight. Locally purchased
cracked corn was sifted to remove dust and chaff. The
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Table 1. Dose response data for Gould’s wild turkeys treated with alpha-chloralose laced cracked corn during 2003 and 2004 in a



























4 Apr 2003 3240 g 8.77 100 22 1500 1512 NA 0 NA
4 Apr 2003 2592 g 7.14 80 18 1505 1518 NA 0 NA
5 Apr 2003 7 cups 14.28 70 22 0935 0937 1356 22 22
5 Apr 2003 5 cups 10.20 50 18 0901 0903 1252 18 18
30 Mar 2004 7 cups 14.28 70 20 0905 0921 1545 20 20
30 Mar 2004 8 cups 16.32 80 22 0905 0912 1500 22 22
20 Apr 2004 7 cups 14.28 70 20 Not required Not required Not required 20 20
20 Apr 2004 8 cups 16.32 80 24 Not required Not required Not required 24 24
required quantity of cleaned cracked corn was placed
in a clear sealable storage bag. Pre-packaged AC in
the amount of 2.04 g was added to the bag and shaken
to distribute, followed by corn oil. The corn oil aided
adherence of the AC to the corn. Each bag was used
to sedate up to 3 turkeys. One bag of treated corn was
used per bait pile, with piles spaced 1–3 m apart. Tur-
keys were monitored for signs of anesthesia based on
symptoms as described by Williams et al. (1973a).
While under anesthesia, turkeys were radio-collared,
patagial tagged, and cloacal swabs were taken for Ex-
otic Newcastle Disease and avian influenza. Turkeys
were held in NWTF weatherproof cardboard boxes un-
til recovery.
Literature Review
Literature searches were conducted on 11 databas-
es to find published and unpublished reports of AC
use on wild turkeys. Databases searched were AGRI-
COLA, Biological Sciences, CAB abstracts, CRIS,
Google, Forest Service Research Publications, Pro-
ceedings of the National Wild Turkey Symposia,
PubMed, Searchable Ornithological Research Archive,
TEOMA, Wildlife Ecology and Studies Worldwide,
and Zoological Record. Literature found was used to
glean pertinent and potential registration data and




The FDA required that the appropriate documen-
tation of National Environmental Policy Act be com-
pleted prior to granting approval to use an INAD on
a species for which it is not labeled (e.g., Gould’s tur-
keys). WS used Categorical Exclusions to document
relevant environmental effects. In addition, WS had to
assure FDA that the turkeys would not be hunted for
food for at least 30 days after treatment; this was ac-
complished because Gould’s turkeys are a protected
species in the Chiricahua Mountains. FDA granted ap-
proval to use AC on Gould’s turkeys in Arizona on 13
March 2003.
Forty turkeys were treated with AC on 4 April
2003 (Table 1). At the previously stated dosing regi-
mens, all turkeys received adequate doses to facilitate
capture with minimal stress to the animal. A second
capture operation occurred on 5 April 2003 using 2.04
g per cup of cracked corn (Table 1). For operational
purposes, all birds were assumed to weigh approxi-
mately 4.0 kg. Forty birds were treated, captured, and
all survived. Within 23 min of the first feeding of
group 1 (22 turkeys), 4 turkeys were showing signs of
heavy sedation or mild narcosis. After 93 min, 14 tur-
keys showed signs of moderate narcosis or shallow
anesthesia, 4 showed signs of heavy sedation or mild
narcosis, and 4 showed no signs or light sedation. Af-
ter 4 hr and 10 min, turkeys were hand captured and
placed in NWTF boxes. Two females had to be hand
netted. In group 2 (18 turkeys), within 57 min, 8 tur-
keys showed signs of heavy sedation or mild narcosis,
4 showed signs of moderate narcosis or shallow an-
esthesia, and 6 showed no signs or light anesthesia.
After 4 hr, 11 turkeys were captured and placed in
boxes. After 5 hr and 19 min, 1 additional turkey was
sedated and 6 females had to be hand netted.
On 30 March 2004, the second set of captured
turkeys was baited using the same dosing regimen (Ta-
ble 1). Group 1 was baited at 0905 hr, and the first
female showed signs of light sedation after 40 min.
The first female reached moderate narcosis within 65
min of feeding. After 3.5 hr, only 5 turkeys had
reached narcosis. After 5 hr and 15 min, 10 turkeys
had reached narcosis and 10 had to be captured with
a net. In group 2, feeding on the bait began 25 min
after placement in the room. One female showed signs
of heavy sedation or mild narcosis after 30 min. One
female showed signs of moderate narcosis 80 min after
feeding. At 5.5 hr after feeding, captures were begun.
Twenty-one turkeys were in moderate narcosis to an-
esthesia. Three birds were in mild narcosis and 2 never
fed. At 0645 hr the next morning, 5 were still in an-
esthesia, 3 were in mild narcosis, and 44 were under
light sedation or recovered.
During the third baiting, times of feeding and
symptoms of recovery were not noted due to changes
in forms and the required information needed for the
FDA (Table 1). All 44 turkeys fully recovered, and
none were lost due to drugging. Turkeys captured dur-
ing baiting 1 and 2 were outfitted with radio-collars
and patagial tags.
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Table 2. Published reports of use of alpha-chloralose to anesthetize wild turkeys through 2004 as found through online searches.
Citation
Recommended AC
dosage (g) per cup






Williams 1966 2 260 Florida Not noted 24–120
Williams et al. 1966 2 592 Florida 8.9 Not noted
Williams et al. 1968a 2 35 Florida Not noted Not noted
Williams et al. 1968b 2 26 Florida 0 72
Speake et al. 1969 2 98 Alabama 0 Not noted
Barwick et al. 1970 2 Not noted Florida Not noted Not noted
Gardner 1972 2 115 w/3 methods Alabama Not noted Not noted
Austin et al. 1973 2 1712 Florida 9.0 Not noted
Barwick and Speake 1973 2 105 Alabama Not noted 24–36
Hillestad 1973 2 15 Alabama Not noted Not noted
Williams et al. 1973a 2 1600 Florida 9.0 20–40
Williams et al. 1973b 2 56 Florida Not noted Not noted
Windham 1973 2 4 Texas 25 29
Speake et al. 1975 2 105 w/3 methods Alabama, Kentucky Not noted Not noted
Donahue 1978;
Donahue et al. 1982





Everett et al. 1980 2 89 w/2 methods Alabama Not noted Not noted
Hopkins et al. 1980 2 233 w/2 methods Mississippi Not noted Not noted
Kennamer et al. 1980 2 32 w/2 methods Alabama Not noted Not noted
Speake 1980 2 298 w/2 methods Alabama Not noted Not noted
Exum et al. 1985 2 12 Alabama Not noted Not noted
Holbrook and Vaughan 1985 2 30 adult/sub adult,
26 poults
Virginia 5 50.4 adult,
26.4 poult
Metzler and Speake 1985 2 Not noted Alabama Not noted Not noted
Speake et al. 1985 2 Not noted Alabama Not noted Not noted
Anonymous 1988 Not noted 88 Georgia Not noted Not noted
McDougal et al. 1990 2 64 w/2 methods Virginia Not noted Not noted
Seiss et al. 1990 2 38 w/2 methods Mississippi Not noted Not noted
Sisson et al. 1990 2 37 Georgia Not noted Not noted
Sisson and Speake 1991 2 26 Georgia Not noted Not noted
Lint et al. 1995 Not noted 88 Mississippi Not noted Not noted
Peoples et al. 1995 2 67 Georgia/Florida Not noted Not noted
Miller et al. 1996 2 w/2 methods Mississippi Not noted Not noted
Rumble and Anderson 1996 2 111 w/3 methods South Dakota Not noted Not noted
Lovell et al. 1997 Not noted Not noted Mississippi Not noted Not noted
Hubbard et al. 2001 2 Not noted Iowa Not noted Not noted
Turkeys fed according to pecking order. The larg-
est males were first to feed followed by young males,
females, and finally, subadult females. Each turkey re-
acted differently to the effects depending on the
amount of bait consumed, movements and activities of
other turkeys, and sounds external to the quarantine
rooms. Some turkeys regressed from Stage II (mild
narcosis) or III (moderate narcosis) back to Stage I
(light sedation) after other turkeys or external sounds
disturbed them.
During the study, 126 captures of 84 unique tur-
keys were made with AC over 3 capture events. We
experienced no capture myopathy, morbidity, or mor-
tality in our study.
Literature Review
Databases searched contained reports that dated
back to the 15th century with the majority of records
having been published since 1884. Search terms used
were turkey, wild turkey, chloralose, and turkey plus
chloralose.
We found 35 publications that referenced the use
of AC on wild turkeys (Table 2) The first use of AC
on wild turkeys was in Florida during 1966 (Williams
1966), which was also the state with the most publi-
cations on AC use in turkeys. Nine additional states
(Alabama, Georgia, Iowa, Kentucky, Pennsylvania,
Mississippi, South Dakota, Texas, and Virginia) were
found to have used AC on wild turkeys. Subspecies of
turkeys listed were Merriam’s (M. g. merriami), Rio
Grande (M. g. intermidia), Osceola (M. g. Osceola),
and Eastern (M. g. silvestris). No mention was made
of the use of AC on Gould’s turkeys. The last cited
use of AC on wild turkeys was in March 1995 in Iowa
(Hubbard et al. 2001). The primary papers being ref-
erenced as providing direction on the use of AC in
wild turkeys were Williams (1966), Williams et al.
(1966), and Williams et al. (1973a).
DISCUSSION
For almost 30 years, AC was one of the most com-
monly used tools to capture wild turkeys in the United
States (Table 2). Anecdotally, AC had been used an-
nually by many states for capture, research, and man-
agement of wild turkeys (B. Maddrey, National Wild
Turkey Federation, personal communication). Many of
these states may have data within their historical files
that could be used to further registration purposes.
Following the protocol initially set by Williams
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(1966) and within the guidelines set by FDA, AC is a
safe and effective tool for anesthetizing wild turkeys.
Gould’s turkeys fed according to pecking order on the
piles of baits which had enough AC for up to 3 turkeys
per bait pile. The largest males were first to feed fol-
lowed by young males, adult females, and subadult
females. We speculate that by feeding in this order,
turkeys self regulated the AC dosage by the largest
bird ingesting the largest share of treated bait and the
smallest bird ingesting the least amount of treated bait
(i.e., correlating bait intake to body size).
Our results agree with Williams (1966) in that dos-
ages below 2 g AC per cup of cracked corn were in-
effective in sedating Gould’s turkeys. Turkeys should
be maintained in a warm and dry condition during
anesthesia. Williams et al. (1966) found that wild tur-
key body temperatures rise sharply to as high as 42C
and then gradually decline for several hours to as low
as 34C. If the air temperature drops below freezing,
anesthetized turkeys can succumb to hypothermia. In
addition, water sources should not be present to pre-
vent drowning (Williams 1966). The majority of
Gould’s turkey reacted similarly to turkeys in Florida,
which took 1.5 hours to reach narcosis and 2–3 hr to
reach a state of anesthesia (Williams 1966). Our ex-
perience with AC in this study addressed many con-
cerns regarding losses of Gould’s turkeys due to han-
dling identified by Breland (1988), Wakeling (1998),
and Wakeling et al. (2001). We also hypothesize that
the use of AC may actually alleviate stress in wild
turkeys as suggested by Donahue et al. (1982).
MANAGEMENT IMPLICATIONS
Alpha chloralose continues to be a viable and im-
portant tool in the conservation and restoration of tur-
keys. Based on our study, limited published literature,
and the potential for additional information in the ar-
chives of agencies and organizations, we recommend
that WS continue to collect data on AC and petition
FDA to add turkeys to the current INAD-6602.
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